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0 Optical record cards. 

@ An optical information storage card having a 
rectangular format, said card comprising: 

a substrate having, on at least one side thereof, 
surface relief formations forming an optically ma- 
chine readable information surface; and, 

a protection layer being in overlying juxtaposed 
relationship to said information surface; 

said substrate and said protection layer being 
transmlssive to a selected range of electromagnetic 
radiation usable for optically reading said information 
surface; 

said information surface having a generally spiral 
and/or concentric format whereby said information 
surface can be read as said card Is rotated about at 
least one axis. 
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BACKGROUND OF THE INVENTION 

This invention relates generally to optical in- 
formation storage cards and, more particularly, to 
optical Information storage cards of wallet size hav- 
ing optical media integrally formed therewith, which 
are encoded and encodable with machine readable 
code. 

In the information society of today need exists 
for storing and, of course, retrieving information in 
a manner which provides rapidity, low cost, reliabil- 
ity and which is condensed for economy of stor- 
age. It is expected that this need will be. in part, 
met by information storage cards such as bank, 
medical record, and the like which will have high- 
capacity data storage features and can be carried 
in a wallet. 

Furthermore, it is desirable to write information 
on the cards subsequent to their being issued. 
Such features add measurably to the versatility of 
these cards. Additionally, it is desirable to have 
such cards constructed in such a manner that they 
can be read and/or written on simply and expedi- 
tiously. 

With the relatively recent progress in optical 
recording techniques, optically encoded and/or en- 
codable media are preferred in many situations 
because they can store significantly higher 
amounts of information than, for example, corre- 
spondingly sized magnetic media. Such storage 
capacity is preferable in situations where digital 
image storage is contemplated, such as in medical 
storage or record cards. 

A wide variety of optical recording media and 
optical storage cards already exist. Representative 
examples of such media and cards can be found in 
United States Pat. Nos. 3,647.275; 3,858.032; 
3,894.756; 4.007.462; 4,023.185; 4.066.873; 
4,150.781; 4,230.939; 4.298.975; 4.360.728; 
4,500.777; 4.503.135; 4.508.811; 4.510.232 
4,542.288; 4,543.225; 4.544. 1 81 ; 4,61 6.237; 
4,663.518; WO-Publ.No. 86/05620; JP-Publ.Nos. 
61-016045; 62-264458; 60-127543; 62-209785; 59- 
011552; 61-190721; EP-Publ.No. A-0 230 069; and 
"Principles of Optical Disc Systems". G Bouwhuis 
et al, 1985, Adam Hilger Ltd. 

EP-A-0 230 069 discloses an optical informa- 
tion storage card having on one side thereof a 
circular track for retaining read-only information, 
the track being constituted by a reflective tellurium 
alloy data layer embedded in the card and covered 
by a transparent protective layer. 

WO-A-86/05620 discloses a storage card carry- 
ing a narrow annular information surface area which 
is comprised of a transparent base layer provided 
with surface relief formations, covered by a thin 



readable read-only data or tracking information, 
when read through the transparent base layer in a 
reflection mode. The thin layer is writable by high- 
power laser beams which burn holes or change the 

5 phase, structure, color, or interference properties of 
the layer, and can be magnetically or optically 
erasable, thus providing machine readable write- 
once or erasable information. 

JP-A-61 -61 -50683 describes an information 

70 storage card which has, for facilitation information 
selection, on one face a photograph printed there- 
on and on the other face a plurality of optically 
readable parallel tracks. The photograph is printed 
in a conventional manner. Recording of the picture 

75 and of the track information requires different man- 
ufacturing processes. 

SUMMARY OF THE INVENTION 



20 In accordance with the present invention, provi- 

sion is made for improved optical information stor- 
age cards. 

In an illustrated embodiment, provision Is made 
for an optical information storage card having a 
25 rectangular format, said card comprising; 

a substrate having, on at least one side thereof, 
surface relief formations forming an optically ma- 
chine readable information surface; and, 

a protection layer being in overlying juxtaposed 
30 relationship to said information surface; 

said substrate and said protection layer being 
transmissive to a selected range of electromagnatic 
radiation usable for optically reading said informa- 
tion surface; 

35 said information surface having a generally spi- 

ral and/or concentric format whereby said informa- 
tion surface can be read as said card is rotated 
about at least one axis, 

said information surface on said substrate in- 
40 eluding any sheet material having been embossed 
to form said information surface. 

In another illustrated embodiment, an optical- 
formation storage card is provided having a rectan- 
gular format, said card comprising: 
45 a substrate with surface relief formations on at 
least one surface which form a machine readable 
information surface; 

a reflection layer being juxtaposed with respect 
to said Information surface and being made of a 
50 material which reflects at least some of a selected 
range of electromagnatic radiation so that said in- 
formation surface can be optically read in a reflec- 
tion mode; and 

a protection layer overlying said information 
55 surface and said reflection layer; 

at least one of said substrate and said protec- 



3 



EP 0 479 339 A2 



4 



formation surface; said information surface having a 
generally spiral and/or concentric format, whereby 
said information surface can be read optically as 
said card is rotated about at least an axis, 

said information surface on said substrate in- 
cluding any sheet material which has been em- 
bossed to form said information surface. 

In another illustrated embodiment provision is 
made for an optical information storage card having 
a rectangular format, said card comprising: 

a substrate having on at least one surface 
thereof an optically writable textured surface having 
a predetermined pattern which is strongly absor- 
bent of at least a predetermined band of 
wavelengths of incident writing electromagnatic ra- 
diation and which may be written on because of 
physical distortion of said predetermined pattern by 
such radiation, and at least an optically readable 
set of surface relief formations which facilitate op- 
tical machine reading thereof; and, 

a protection layer being superposed over said 
optically readable surface formations, said protec- 
tion layer covering gaps over said textured sur- 
faces; 

both said substrate and said protection layer 
being transmissive to electromagnetic radiation 
used for optically reading said relief formations and 
said writable surface; 

said substrate forming said textured surface 
and said relief formations being defined by sheet 
material having said writable and readable surface 
embossed thereon. 

In yet another illustrated embodiment there is 
provided an optical information storage card having 
a rectangular format capable of being carried in a 
wallet, said card comprising: 

a substrate having on at least one surface 
thereof an optically writable textured surface having 
a predetermined pattern which is strongly absor- 
bent of at least a predetermined band of spectral 
wavelengths of incident writing electromagnetic ra- 
diation and which may be written on because of 
physical distortion of said predetermined pattern by 
such radiation, and at least an optically readable 
set of surface relief formations which facilitate op- 
tical machine reading thereof; 

a first layer in superposed relationship over 
said relief formations, said first layer being made of 
reflective material to the predetermined band of 
wavelengths of the reading radiation; and. 

a protection layer superposed over said first 
layer, said protection layer covering gaps over said 
textured surfaces; 

at least one of said substrate and said protec- 
tion layer being reflective to the electromagnatic 
energy used for optically reading said writable and 



and said relief formations being defined by sheet 
material which can have said writable and readable 
surface embossed therein. 

Among other objects of this invention are. 

5 therefore, the provision of an optical information 
card which has surface relief formations that form 
machine readable information surfaces; the provi- 
sion of an optical information card which has a 
machine readable information surface embossed 

10 therein, which information surface can be read by 
rotating the card about a rotational axis; the provi- 
sion of a card of the foregoing type which can be 
read in a transmission mode or a reflection mode; 
the provision of an optical information card includ- 

75 ing a layer having embossed therein an optical 
machine readable information surface and an opti- 
cally writable layer covering the information sur- 
face; the provision of an optical information card 
including a layer having embossed therein an op- 

20 tical machine readable information surface and an 
embossed textured surface which can be optically 
encoded with machine readable information; the 
provision of an information card of the above type 
further including an optically writable substrate 

25 overlying or adjacent an embossed machine reada- 
ble information surface which writable substrate 
can have optically written thereon a colored picto- 
rial image of the card holder, colored text and 
optically encoded machine readable data; the pro- 

30 vision of an information card of the type having a 
first substrate with surface relief formations that 
form machine readable information surfaces and 
having in juxtaposed relationship thereto an opti- 
cally writable substrate made of a phase-change 

35 optically writable material which when subjected to 
a writing type of electromagnetic energy changes 
phase and thereby allows the substrate to be opti- 
cally written on; the provision of an information 
card of the last noted type wherein a reflection 

40 layer is provided in juxtaposed relationship to the 
information surface and either or both of the pro- 
tection layer of the first substrate and writable 
substrate allows reading in a reflection mode; and. 
the provision of an information card wherein in- 

45 stead of an optically writable substrate there is 
provided an optically writable and erasable sub- 
strate which allows optical writing, reading and 
erasing of optically encoded data. 

These and other objects, features, and the in- 

50 vention itself will become apparent from the follow- 
ing description when taken in conjunction with the 
accompanying drawings wherein like structure 
throughout the several views are indicated by like 
reference numerals. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 
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made according to the present invention; 
FIG. 2 is an enlarged and fragnnented cross- 
sectional view of an embodiment of an optical 
card made according to the present invention; 
FIG. 2A is an enlarged and fragmented cross- 
sectional view of another embodiment of an 
optical card of the present invention; 
FIG. 3 is an enlarged and fragmented cross- 
sectional view of yet another embodiment of an 
optical card of the present invention; 
FIG. 4 is an enlarged and fragmented cross- 
sectional view of yet another embodiment of an 
optical card of the present Invention; 
FIG. 5 is an enlarged and fragmented cross- 
sectional view of yet another embodiment of an 
optical card; 

FIG. 6 is an enlarged and fragmented cross- 
sectional view of yet another embodiment of an 
optical card; 

FIG. 7 is an enlarged and fragmented cross- 
sectional view of yet another embodiment of an 
optical card; 

FIG. 8 is an enlarged and fragmented cross- 
sectional view of yet another embodiment of an 
optical card; 

FIG. 9 is an enlarged and fragmented cross- 
sectional view of yet another embodiment of an 
optical card; 

FIG. 10 is an enlarged and fragmented cross- 
sectional view of yet another embodiment of an 
optical card; 

DETAILED DESCRIPTION 

FIGS. 1-10 illustrate several embodiments of 
optical information storage cards. Each card is. 
preferably, the size of most wallet size card for- 
mats, for example, about 85mm long and 54mm 
wide. Such a rectangular size has been found to be 
convenient for not only wallets, but also automatic 
teller machines and the like. Of course, this inven- 
tion encompasses other suitable sizes (e.g. 82mm 
X 59mm) and shapes for optical storage cards of 
the overall kind contemplated. 

As shown in FIG. 1. a card 10 made according 
to this invention has an annular band A of machine 
readable data tracks (not shown) which can be 
optically read by a suitable optical reading device 
(not shown). In some embodiments, the annular 
band A can also be encoded with digital or analog 
machine readable information subsequent to issu- 
ance of the card 10. While certain of the embodi- 
ments speak in terms of a single annular band, the 
present invention contemplates others, not only on 
one side of the card, but on the other side as well. 

Reference is made to FIG. 2 wherein there is 



ming one embodiment of the present invention, 
which is intended for the transmission reading 
mode. The card 10 includes a substrate 12 which 
can have a thickness in the range of from about 1/2 

5 to 50 mils, but about 30 mils is preferred for total 
wallet size credit card thicknesses. In this embodi- 
ment, however, the thickness of the substrate 12 is 
about 15 mils. The substrate 12 is made of material 
which is transparent to the range of electromag- 

70 netic energy that will be used to read embossed 
information. The substrate 12 is made of a clear 
homogeneous polycarbonate material, such as 
LEXAN, a polycarbonate manufactured by General 
Electric. In this case the polycarbonate substrate 

75 12 Is embossable and transparent to electromag- 
netic radiation in the visible range. The optical 
reading can be performed by conventional lasers 
having suitable power. However, the substrate 12 
need not be transparent to visible light, but can be 

20 transparent to radiation in the non-visible range, for 
example, in the near infrared zone. 

Other embossable materials can be used such 
as, polyesters like polyethylene terephthalate. 
These other embossable materials include poly- 

25 propylene; polystyrene; vinyl; acrylic; cellulose ace- 
tate butyrate; polyesters; thin metals such as alu- 
minum;and electron beam and ultraviolet curable 
polymers and epoxy-type polymers. The foregoing 
recitation of embossable materials is intended to 

30 be in no way limiting to the scope of the present 
invention. 

Embossed on a surface of the substrate 12 is a 
pattern of varied surface relief formations in the 
form of grooves or pits 14 shown diagrammatically 

35 in crenelated form. The grooves or pits 14 are of 
the type which provide a machine readable digital 
information surface 16 which is optically readable 
by a laser type optical system that reads changes 
in optical phase or transmission between such 

40 grooves or pits 14 and the surrounding surface of 
the substrate 12. For purposes of illustration, the 
grooves or pits 14 can range in depth from about 
.05 um to .15 um. Preferably, however, grooves or 
pits 14 having an average depth of .10 um can be 

45 used. Pit lengths from about .6 um to 10 um and 
widths from about ,4 um to 1.5 um are typical. It 
will be appreciated, of course, that Instead of pits, 
surface protrusions suitable for optical reading may 
be used. 

50 The embossing of such an information surface 
16 is accomplished by embossing the substrate 12, 
while the latter is part of a web, with a master die 
having a pattern with a relief structure which is the 
negative of that of the embossed information sur- 

55 face 16. Details of the embossing technique, per 
se. do not form part of this invention. Reference is, 
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nique which can be used in the formation of the 
information surface 16 on the substrate 12. This 
invention contemplates other web embossing tech- 
niques or other known techniques for forming such 
depressions such as injection molding or casting. It 
will be appreciated that the information surface 16 
is physically integral with the structure of the card. 
This offers significant advantages including re- 
duced manufacturing costs. 

This embodiment has described a one sub- 
stance substrate 12. However, this invention con- 
templates that the substrate 12 can be made of 
several layers. Reference is made to FIG. 2A which 
shows a substrate 12' having a 3 mils thick layer 
12'a of polyester which can have laminated to a 
surface thereof an embossable layer 12*b of cel- 
lulose acetate butyrate (CAB) having a thickness of 
about 0.5 mils. Thus, the total thickness is about 
3.5 mils. The polyester layer 12'a will provide the 
requisite mechanical strength and pliant character- 
istics needed for a wallet size card whereas the 
embossable layer 12'b will provide the information 
layer. If desired in such a multilayered structure, a 
suitable subbing layer (not shown) may be pro- 
vided between the polyester layer 12*a and the 
cellulose acetate butyrate layer 12'b. 

Reference is now made back to the embodi- 
ment of FIG. 2. Although this embodiment dis- 
cusses an embossed digital information surface 16, 
it will be appreciated that the surface can have 
analog information embossed therein. In this em- 
bodiment, the machine readable information sur- 
face 16 is embossed such that the Information data 
tracks (not shown) are arranged in circular and/or 
spiral fashion. Accordingly, the optical card 10 can 
be read as it is being spun about a rotational 
reference axis extending through the plane of the 
card. The benefit of having data tracks arranged in 
such a fashion is that it can be used in conjunction 
with a relatively inexpensive optical card read sys- 
tem described and claimed in commonly assigned 
and copending application Serial No. 050,039 filed 
May 15. 1987 and entitled "METHOD AND AP- 
PARATUS FOR FEEDING CARD." 

Overlying the digital information surface 16 is a 
protection layer 18. In this embodiment, a relatively 
thick sheet of, for example, clear polycarbonate is 
used to add strength and protection to the optical 
information card 10. The protective polycarbonate 
layer 18 can have a thickness of about 15 mils. 
Polycarbonate of such a thickness has been found 
to be suitable insofar as it is sufficiently durable 
and wear resistant for normal card usage. This 
invention contemplates several alternative materials 
for such a layer 18. Besides using polycarbonate 
for the layer 18, it will be appreciated that other 



chloride; polystyrene: an acrylic resin, such as 
poly(methylmethacrylate); and other suitable ma- 
terials may be used. 

It should be readily understood that the thick- 

5 ness of the wallet size optical card contemplated is 
about 30 mils. Thus, the thicknesses of the sub- 
strate 12 and the layer 18 can vary. For example, 
in connection with FIG. 2A the thickness of a pro- 
tective polycarbonate layer (not shown) could be 

70 about 27 mils. Alternatively, the layer 18 could be 
about 3.5 mils thick and the substrate 12 could be 
about 27 mils thick. In situations where a thin 
lacquer or thin UV protector are used for the layer 
18, the carrier substrate 12 would have to be 

75 correspondingly thicker than the previously noted 5 
mils so as to provide the requisite strength and 
durability needed for the card 10. It should be 
understood that the thickness dimensions are a 
function of many factors. It will be noted that what- 

20 ever combination of thicknesses the layer 18 and 
the substrate 12 have they should be approxi- 
mately equal in sum to the recommended thick- 
ness used for most wallet size credit cards and the 
like. 

25 Of course, since the card 10 of this embodi- 

ment will be read in transmission, these other ma- 
terials must be optically transparent to the laser 
being used for reading. The layer 18 is adhered to 
the substrate 12 by means of a layer of conven- 

30 tional optical adhesive (not shown), such as Lamal 
which is available commercially from Morton- 
Thiokol. The techniques for applying such adhe- 
sives are known, and the laminating of the layer 18 
to the substrate 12 can be done using conventional 

35 procedures. 

In the case where both the substrate 12 and 
the layer 18 are made of polycarbonate, they have 
the same indicies of refraction. Thus, the layer 18 
contacts the substrate 12 so that there are air gaps 

40 19 formed over the depressions or grooves or pits 
14. such as shown in FIG. 2. thereby allowing an 
optical read system to read the information surface 
16 in the transmission reading mode. Air gaps 19 
are not needed in the transmission mode if the 

45 substrate and layer have sufficiently different in- 
dices of refraction. Instead of air. of course, the 
gaps could be filled with, preferably, gaseous ma- 
terial having a sufficiently different refractive Index 
than the substrate and the protection layer. 

50 Reference is now made to FIG. 3 for illustrating 
another embodiment of an optical information card 
20 of the present invention. Unlike the previous 
embodiment, the present card 20 can be read in 
the reflection mode. Towards this end. a reflection 

55 layer 22 is provided so as to overlie an embossed 
information surface 24 defined by the grooves or 
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surface 24 can be read with a reflected laser read 
beam of an optical reading head (not shown). 

The information surface 24, a substrate 26 and 
the protection layer 28 are of the same materials 
having the same characteristics and made in the 
same manner as noted above in connection with 
the corresponding layers of the embodiment shown 
in FIG. 2. Of course such materials and characteris- 
tics thereof can also vary according to the consid- 
erations mentioned above. Since the card 20 will 
be read in the reflection mode, specular reflector 
materials can be used. In this embodiment the 
reflection layer 22 is juxtaposed the information 
surface 24. Of course, it will be appreciated that 
the card 20 can be read in a reflection mode from 
either side of the card which is not opaque to the 
reading radiation. The embossing may be done 
before or after metalizing the information surface 
24. 

This embodiment contemplates having the card 
20 read in the reflection mode through either the 
substrate 26 or the protection layer 28. The reflec- 
tion layer 22 can be applied in a variety of known 
ways, for example, by solvent means or vacuum 
deposition subsequent to the embossing procedure 
outlined above. In one embodiment, the reflection 
layer 22 is a metalized layer of aluminum which is 
applied through a conventional vacuum deposition 
technique which does not form part of the inven- 
tion. The reflection layer 22 should have a thick- 
ness capable of achieving the foregoing reflecting 
function in the reading mode. For purposes of 
illustration and not limitation, the thickness of the 
reflection layer 22 can be in a range of from about 
10 nanometers to hundreds of nanometers. In this 
embodiment, the thickness is 60 nanometers. Ma- 
terials besides aluminum, of course, can be em- 
ployed for reflecting all or part of the laser read 
beam so that changes in reflectivity of the informa- 
tion surface 24 can be optically read. For purposes 
of illustration, these other materials include, but are 
not limited to copper, gold, suitable alloys, dyes, 
etc. of comparable reflectivity. If the protection 
layer 28 is to be a thin layer of lacquer, it will be 
applied, of course, through conventional coating 
procedures. If the protective layer 28 is thicker, 
such as is the case in this embodiment, it would be 
bonded to the information surface by adhesives of 
the kind noted above in connection with FIG. 2. 
Also there is no need for air gaps since the card 20 
will be read in a reflection mode. Thus, the protec- 
tion layer 28 is brought into intimate and continu- 
ous engagement with the reflection layer 22 in a 
conventional lamination process or the like. 

Reference is now made to FIG. 4 to illustrate 
another embodiment of the present invention. In 



written on subsequent to issuance of the card. The 
card 30 Includes an embossed information sub- 
strate 32 which can be made of a heat sensitive 
material, such as polycarbonate or polyethylene 

5 terephthalate. as well as the kinds of materials 
mentioned in United States Patent No. 4,366.235. 
Prior to the embossing, the plastic must be soften- 
ed by either heat, pressure, solvent or some com- 
bination of these as is known in the art. In this 

10 embodiment, the substrate 32 is made of polycar- 
bonate and has a thickness in the range of the 
substrate in the first embodiment (e.g., 3 to 50 
mils). The polycarbonate is transmissive to the 
read and write laser energy to be used. The in- 

75 formation substrate 32 has on selected portions 
thereof an embossed read only pattern and an 
embossed optical write-once textured pattern. By 
textured pattern it is meant that there is formed a 
microstructure array of embossed patterns of fila- 

20 ments or cavities which can have an ordered ar- 
rangement or a random arrangement. In this ap- 
plication a predetermined textured pattern shall be 
inclusive of both ordered and random patterns. A 
textured pattern is one which when subjected to, 

25 for example, laser energy of predetermined 
wavelength and intensity will cause a physical de- 
formation or a structural relaxation to the pattern 
which allows the changed structure to be read 
optically either in a transmission mode or a reflec- 

30 tion mode. Accordingly, a single embossing step 
can economically provide a versatile information 
substrate or layer which allows the card 30 to be 
optically written on subsequent to having been 
encoded. Towards this end. the information sub- 

35 strate 32 has selected areas thereof embossed with 
encoded surface relief formations or information 
grooves or pits 34 shown diagrammatically in 
crenelated form. The embossed information pits 34 
will be for use in machine read only form that will 

40 be read by, for example, a laser head system using 
a predetermined band of spectral wavelengths of 
electromagnetic radiation. The surface relief forma- 
tions 34 are, preferably, in a generally concentric 
and/or spiral format so that they can be read when 

45 the card 30 is rotated. 

Embossed optically writable textured surfaces 
shown diagrammatically at 38 are provided on oth- 
er selected areas of the information substrate 32 
and are also arranged in an annular format. The 

50 textured surfaces 38 comprise a predetermined 
pattern of embossed concentric and/or spiral 
grooves. The present invention contemplates ar- 
ranging the read only information pits 34 and the 
grooved writable textured surfaces 38 In different 

55 formats. For example, the card can be provided 
with sectors like those on a magnetic disk, com- 
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matted and include the writable textured surfaces. 
Also, Preformatted or pregrooved spiral tracks 35 
are provided in the substrate 32 as surface relief 
formations which could include the textured sur- 
faces 38 while the areas surrounding the tracks 35 
would be smooth non-textured surfaces. Alter- 
natively, the textured surfaces 38 could be placed 
adjacent the tracks 35. 

It will be understood that whenever the textured 
surfaces are used, they should be provided with an 
air gap 36 so as to allow the structural deformation 
to occur when the textured surfaces 38 are struck 
with incident writing radiation. 

Also as shown in FIG. 4. there can be provided 
a plurality of wide channels 39 (only one shown), 
each of which contains a plurality of smaller 
grooves 34' with textured surfaces 38'. The sur- 
faces 38' can be formed in a manner as noted 
above. Instead of textured surfaces, other writable 
radiation sensitive materials can be placed in the 
grooves 34' or on lands. For purposes of illustra- 
tion, the channels 39 can each have a depth di- 
mension in the order of about 1/2 to 20 microns 
with a width varying from about 2 to 100 microns. 
The grooves 34' can have depth dimension in the 
order of about .05 microns to .15 microns. Of 
course air gaps 36 would be provided over the 
writable medium of the type just noted. 

The specifics of the textured surfaces which 
can be used to produce a writable embossed layer 
does not, per se. form an aspect of this Invention. 
Textured surfaces like those described in greater 
detail in the last noted patent and those described 
in an article written by W. Dennis Slafer and James 
J. Cowan and published by the Society for Imaging 
Science and Technology in the Journal of Imaging 
Science, Vol. 31, No. 3 May/June 1987 can be 
employed. 

The present invention also contemplates In 
some instances providing the textured surfaces 38 
with an overlayer (not shown) to enhance the en- 
ergy efficiency of the laser used for writing on such 
surfaces. The textured surfaces 38 are highly ab- 
sorptive of incident writing electromagnetic radi- 
ation within a predetermined band of spectral 
wavelengths. In this embodiment, the absorption of 
radiation of a laser writing beam at the textured 
surfaces 38 causes observable physical changes in 
the heat sensitive polycarbonate to distinguish 
them from other regions which are not locally heat- 
ed. In this embodiment, the optically written on 
surfaces 38 will be read in a reflection mode by 
subjecting the card to an optical reading beam. 
Reading can be performed by observing changes 
in reflectivity of the textured surfaces by using a 
power and/or wavelength which is not significantly 



reflection is desired, then a reflective metal layer 
37 is placed over the read only pits 34. 

This invention contemplates that the textured 
surfaces 38 can be read In transmission. If the card 

5 30 were to be read in a transmission mode, then 
there would not be need to place the reflective 
coating 37 over the information pits 34. If polycar- 
bonate were to be used for the protection layer 40. 
then an air gap (not shown) would be provided over 

10 the grooves or pits 34 or even the tracks 35. 

Overlying the information substrate 32 is a 
protection layer 40. The layer 40 may be made of 
polycarbonate which is transmissive to the spectral 
range of the read and/or write laser beams being 

75 used and the thickness is about 27 mils. Besides 
an air gap, other preferably gaseous materials hav- 
ing different indices of refraction than polycar- 
bonate can be used. Besides polycarbonate other 
suitable materials may be used, such as those 

20 noted above in connection with the embodiments 
described in conjunction with FIGS. 2 and 3. The 
kinds of optical adhesives usable for joining the 
protection layer 40 to the information substrate 32 
can be similar to those discussed above in relation 

25 to the embodiments described in FIGS. 2 and 3 or 
can be others selected so as to achieve the noted 
adhering and optical functions. 

Although not shown, this invention envisions 
that the write-once embossed information surfaces 

30 38 can also overlie or underlie the read only em- 
bossed pits.ln other words, the embossed pits 34 
can be formed, as described. In a separate sub- 
strate and the textured patterns 38 and the gaps 36 
can be formed, as described, in another substrate 

35 which is disposed in superposed relationship either 
over or under the embossed pits 34. Of course, 
both the substrates would be transmissive to the 
preselected spectral wavelength ranges of reading 
and writing electromagnetic radiation being used. If 

40 the embossed pits 34 are to be read in a reflection 
mode, a reflection layer (not shown) would be 
associated therewith, and the embossed pits would 
be beneath the textured surfaces 38. 

Reference is made to FIG. 5 for showing an- 

45 other embodiment of an optical information card 50 
which includes not only embossed information, but 
includes an optically, preferably laser, writable or 
write-once substrate 52 as well. With the use of the 
writable substrate 52, it will be realized that the 

50 textured surface of the last embodiment need not 
be employed since it would be redundant. 

The writable substrate 52 is suitably adhered to 
a metalized reflection layer 54 overlying an em- 
bossed information relief surface 57 on substrate 

55 56 by direct (conventional) coating techniques or 
by conventional optical adhesives. The reflection 
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same range of thicknesses as the respective reflec- 
tion layer 22 and substrate 26 described in the 
embodiment of FIG. 3. Hence, reference is made to 
that embodiment for describing the characteristics 
of this embodiment. 

Reference is now made to the laser writable 
substrate 52 which, in this embodiment, is made of 
a single media that can be encoded with colored 
pictorial images, color text and machine readable 
digital code. It is comprised of first, second and 
third coloring imaging compounds or layers (not 
shown) responsive or sensitive to incident elec- 
tromagnetic radiation within respectively different 
select ranges of spectral wavelengths for effecting 
a visually discernible change in the spectral ab- 
sorption characteristics thereof. The substrate 52 is 
comprised of materials which are of the type de- 
scribed in commonly assigned United States Pat- 
ent No. 4.663.518 Issued May 5.1987. Essentially, 
the write once substrate 52 may be printed on. as 
described in said last noted patent, by scanning a 
composite laser light having spectral wavelengths 
within the respectively different select ranges of 
spectral wavelengths of the color imaging layers 
while simultaneously modulating the intensity of 
each portion of the composite laser beam to selec- 
tively expose any one of the imaging layers and, 
for example, provide a visually discernible colored 
image within the first color imaging layer. Specifi- 
cally, the three color imaging layers are radiation 
sensitive image forming dye compounds. Prefer- 
ably, they are selected to give, respectively, the 
subtractive colors yellow, cyan and magenta as 
commonly employed in photographic processes to 
provide full natural color. Alternatively, these imag- 
ing layers could comprise the desired additive pri- 
mary colors. Examples of the heat sensitive dye 
compounds are given in the last patent. 

The heat sensitive dye compounds can be 
originally colorless and absorb radiation at different 
predetermined wavelengths in the visible 
wavelength range, such as yellow, magenta and 
cyan colored light. The light absorbed by the re- 
spective heat sensitive compounds is converted 
into heat and the heat initiates an irreversible un- 
imolecular fragmentation reaction to affect the 
transformation of the dye compounds from color- 
less to their respective yellow, magenta and cyan 
colors. Other heat sensitive organic dye com- 
pounds that would be equally satisfactory for the 
three color imaging layers are originally colored 
and convert absorbed light into heat which initiates 
an Irreversible unimolecular fragmentation reaction 
to affect a bleaching of the dye compounds so that 
they become colorless. 

The optically encoded digital data is read out 



The write-once substrate 52 is, preferably, pro- 
tected. One way of achieving this is to protect it in 
the manner described in the last noted patent. One 
can use a suitable adhesive layer 58, which joins a 

5 polycarbonate protection layer 60 to the substrate 
52. The thickness of the protection layer 60 is such 
that in combination with the other layers, the total 
thickness of the card 50 is satisfactory for credit 
and identification card purposes. It will be appre- 

10 dated that the read only information surface 57 can 
be suitably read by a laser beam of appropriate 
spectral wavelengths different from wavelengths at 
which the dye compounds absorb radiation in the 
reflection mode through the noted substrate 52 and 

15 protection layer 60 independent of the writing on 
the substrate 52. The write-once substrate 52 and 
the information surface 57 are preferably, arranged 
to have information in a generally concentric and/or 
spiral format. In this manner, the card can be spun 

20 during reading and writing. The optical reading of 
the information surface 57 can be accomplished 
through the use of spectral wavelengths which are 
transmissive to the digital information in the write- 
once substrate 52. Of course, the card can be read 

25 in the reflection mode through the substrate 56, if 
the latter Is transmissive to a range of electromag- 
netic spectral wavelengths used for reading. This 
latter range of wavelengths need not be the same 
as those used for reading through the substrate 52. 

30 If the information substrate 56 and the write-once 
substrate 52 are to be read in a transmission 
mode, the substrate 56 is transmissive to the spec- 
tral wavelengths used to read the substrate 52 and 
conversely the substrate is transmissive to the 

35 spectral wavelengths used to read the information 
surface 57. As is readily apparent, there is no need 
for the reflection layer 54. Also, the substrate 56 
can be formed with pretracking grooves 57* in 
which or adjacent to which the substrate 52 is 

40 located. 

Reference is now made to FIG. 6 for dia- 
grammatically illustrating yet another embodiment 
of an optical card 70. The card 70 differs from that 
shown in FIG. 5 insofar as an erasable optical 

45 substrate 72 is used instead of the write-once sub- 
strate 52. In this embodiment, a substrate 74. hav- 
ing an embossed information surface 76 and a 
metalized reflection layer 78 are made of the same 
materials and thicknesses as noted for their re- 

50 spective counterparts in FIGS. 3 and 5. Of course, 
other materials and thicknesses can be used so 
long as they are consistent with the teachings of 
this invention. The optically erasable substrate 72 
of this embodiment is reflective to the range of 

65 electromagnetic spectral wavelengths usable for 
reading such substrate. 
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range of electromagnetic radiation usable for read- 
ing the embossed information surface 76, the latter 
is in an adjacent relationship to the erasable sub- 
strate 72. 

The erasable optical substrate 72 can be made 
of any of the known types of optical recording 
media, for example, magneto-optic, phase-change 
and dye-polymer recording. In this embodiment, a 
phase-change recording layer, such as any suitable 
tellurium-based film is used. In particular, the ma- 
terial may comprise tellurium and germanium at 
about 85% tellurium and 15% germanium in atomic 
percents with inclusion of some oxygen and/or 
sulphur as described in U.S. Patent No. 3,530,441 
assigned to Energy Conversion Devices. Other ap- 
propriate materials can be selected provided they 
are consistent with the teachings of the present 
invention. The thickness of such materials would 
also be consistent with the teachings of the last 
noted patent. For utilizing, the substrate 72. It is 
continuously switched from crystalline to non-cry- 
stalline or amorphous states by heating with a laser 
having selectively different power. In such embodi- 
ment, uncrystallized regions are non-reflective. 

To record data, the tellurium-based substrate 
or film 72 is heated quickly with a high-power laser 
of a preselected range of spectral wavelengths. 
After cooling, the spot remains in the non-reflective 
or amorphous state. To read recorded data, a 
lower-power laser beam in an optical head is tar- 
geted on the card and is reflectd back to a detector 
in the optical head. If the beam hits an amorphous 
spot, less light is reflected back. When the beam 
hits a crystallized region, the light is reflected back. 
To erase data, the media is heated with a diffuse 
beam at a suitable lower power than the write 
power so as to spread over a wider physical area 
than the write laser. A property of the tellurium- 
based film is that when it is slowly heated, it 
recrystallizes. Thus, it can be written on again. 
While the foregoing description has been in relation 
to a tellurium-based film, it is repeated that other 
kinds of erasable optical media are also contem- 
plated. Preferably, the embossed information sur- 
face 76 and the erasable substrate 72 are arranged 
in a generally concentric and/or spiral format which 
permits the card 70 to be read and/or written on 
and/or erased as the card is spun about at least a 
rotational reference axis. This embodiment envi- 
sions that the substrate 72 could be in concentric 
and/or spiral pretracked grooves 77 formed as sur- 
face relief formations in the substrate. 

A suitable protection layer 80 made of. for 
example, polycarbonate can be laminated over with 
the other substrates. Of course, a suitable optical 
adhesive joins the protection layer 80 to the sub- 



tion with the other materials should be such as to 
provide the card 70 with a thickness suitable for 
wallet size cards. 

Of course, the erasable substrate 72 can be 

5 made of material so that it can be read in a 
transmission mode. Examples of these optically 
erasable materials are described in said last noted 
patent. If the substrate 72 is going to be read in a 
transmission mode (see FIG. 7). it will be appre- 

70 ciated that the substrate 72 can overlie a substrate 
74' having an embossed information surface 76*. A 
metalized reflection surface is not needed in the 
transmission mode. Also, the substrate can under- 
lie (not shown) the embossed information surface 

75 76' when being read in the transmission mode by a 
preselected range of spectral wavelengths. 

Reference is now made to FIGS. 8 and 9 for 
showing two additional embodiments. These em- 
bodiments are directed to write-once optical cards 

20 82. 82'. These cards 82, 82' differ from the em- 
bodiments shown in FIGS. 4 and 5, essentially by 
reason of the kind of write-once optically encodable 
material being used. In this embodiment, the write- 
once materials 84. 84' are phase change materials 

25 like tellurium-based materials of the kind described 
in U.S. Patent No. 4,066.460. This patent describes 
use of tellurium tetrahalides preferably of the group 
consisting of bromine and chlorine. These materials 
undergo a chemical change in a dry state when 

30 subjected to imaging energy to produce a material 
of different chemical character or composition hav- 
ing at least one detectable characteristic which 
differs fom the characteristics of the starting ma- 
terial. The thicknesses of the write-once substrate 

35 and the manner of making them are described in 
the last noted patent. 

In the embodiment shown in FIG. 8, the writ- 
able substrate 84 is suitably adhered to a metal- 
ized reflection layer 86. The layer 86 overlies an 

40 embossed information relief surface 88 which in- 
cludes pretracked spiral and/or concentric grooves 
89. The substrate 84 and the relief surfaces have 
concentric and/or spiral formats to facilitate reading 
by rotation on substrate 90 by conventional vacu- 

45 um or chemical coating techniques or by use of 
conventional optical adhesives (not shown). Cover- 
ing the writable substrate 84 is a protection layer 
92 which is secured to the former by optical adhe- 
sives 91. The reflection layer 86, the embossed 

50 information substrate 88 and the protection layer 
92 are made of the same materials and in the 
same range of thicknesses as their corresponding 
layers described in the embodiment of FIG. 3. 
Hence, reference is made to that embodiment for 

65 describing the characteristics of those structures in 
this embodiment. The card 82 can be read in the 
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they are transparent to the reading radiation used. 

The embodiment of FIG. 9 is similar to that of 
FIG. 8. but the reflection layer 86 is omitted. Ac- 
cordingly, the card 82' will be read in a transmis- 
sion mode. The structure of this embodiment is like 
that of the previous embodiment, hence, its struc- 
ture will be designated by the same reference 
numerals with the addition of a prime marking. 

Reference is now made to FIG. 10 for showing 
another embodiment of an optical card 100. This is 
a version of a flip type card wherein there is 
provided a sandwiched laminar card structure hav- 
ing a core substrate 102 which has embossed 
information relief surfaces 104, 104a on opposing 
surfaces thereof. Each information surface 104, 
104a is adapted to be read in a reflection mode. 
Towards this end, there is provided correspond- 
ingly metalized layers 106 over the information 
surfaces 104, 104a. The metalized layers 106 can 
be made of the kinds of material as those men- 
tioned above having, of course, appropriate thic- 
knesses. 

Referring back to the core substrate 102, it can 
have several constructions which would be similar 
to those noted in the earlier embodiments. In this 
embodiment, the core substrate 102 should be 
thick enough so that each information surface 104, 
104a can have its respective grooves and/or pits 
not interfere with each other. Each information sur- 
face 104, 104a may have the same or different 
writable and/or erasable substrate combinations. In 
this embodiment, each information surface 104, 
104a includes the write-once optically encodable 
material 108 which is like the write-once materials 
described in the embodiments shown in FIGS. 8 
and 9. Hence, reference is made to those embodi- 
ments for a more detailed description of its con- 
struction and thicknesses. Covering each write- 
once material 108 is a protective layer 110 which 
can be made of the materials noted above for use 
in optical reading in a reflection mode and can be 
joined to the write-once materials 108 in a manner 
noted above in FIGS. 8 and 9. Of course, the total 
thickness of card 100 is slightly greater than that 
for a single sided card. 

All the foregoing embodiments of the optical 
information card can have additional layers (not 
shown) as is known in the art, for example, a 
subbing layer to improve adhesion, an antiabrasive 
top coat layer (not shown) or other auxilary layers 
can be added to the foregoing constructions for 
example, holograms, photographs, magnetic re- 
cording media. Suitable subbing or compatibility 
layers would of course be used with this latter 
group of materials and layers as it is consistent 
with conventional practice regarding them. 



sides can be made with suitable combinations of 
the noted embodiments. For example, these flip 
card arrangements may include cards wherein 
each side is made of the read only construction 

5 noted in the earlier embodiments. In this connec- 
tion each opposing side would be joined together 
by an adhesive and each would be read in a 
reflection mode. Alternatively, each of the opposing 
sides could include any one of the writable and/or 

70 erasable constructions noted above. In such situ- 
ations the latter the constructions would, preferably, 
be read in a reflection mode. The opposing con- 
structions would be joined together by suitable 
adhesives. 

75 

Claims 

1. An optical information storage card (10. 12) 
having a rectangular format, said card compris- 

20 ing: 

a substrate (12. 12a'. 12b*) having, on at 
least one side thereof, surface relief formations 
forming an optically machine readable informa- 
tion surface (16); and, 
25 a protection layer (18) being in overlying 

juxtaposed relationship to said information sur- 
face (16); 

said substrate (12. 12a', 12b') and said 
protection layer (18) being transmissive to a 
30 selected range of electromagnetic radiation us- 

able for optically reading said information sur- 
face (16); 

said information surface (16) having a gen- 
erally spiral and/or concentric format whereby 
35 said information surface (16) can be read as 

said card (10. 12) is rotated about at least one 
axis, 

said information surface (16) on said sub- 
strate (12. 12a', 12b') including any sheet ma- 
40 terial having been embossed to form said in- 

formation surface (16). 

2. The card of claim 1 , wherein 

said embossable material is selected from 
45 polycarbonate, cellulose acetate butyrate, poly- 

ester, polyethylene terephthalate, vinyl, acrylic, 
polystyrene, or thin metal. 

3. The card of claim 1 or 2. wherein 

50 said substrate (12, 12a', 12b') and said 

layer (18) have been formed of pliant and 
durable materials. 

4. The card of any of the claims 1 to 3, wherein 
65 said substrate (12. 12a'. 12b') and said 

protection layer (18) have substantially the 
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formation surface (24) and said reflection layer 
(22); 

at least one of said substrate (26) and said 
protection layer (28) being transmissive to said 
selected range of radiation usable for optically 
reading said information surface (24); said in- 
formation surface (24) having a generally spiral 
and/or concentric format, whereby said infor- 
mation surface (24) can be read optically as 
said card is rotated about at least an axis, 

said information surface (24) on said sub- 
strate (26) including any sheet material which 
has been embossed to form said information 
surface (24). 

6- The card of claim 5, wherein 

said embossable material is selected from 
polycarbonate, cellulose acetate butyrate, poly- 
ester, polyethylene terephthalate, vinyl, acrylic, 
polystyrene, or thin metal. 

7. The card of claim 5 or 6, wherein 

said reflection layer (22) is made of at 
least a metallic material. 



writing electromagnetic radiation and which 
may be written on because of physical distor- 
tion of said predetermined pattern by such 
radiation, and at least an optically readable set 
of surface relief formations (34. 35) which fa- 
cilitate optical machine reading thereof; and, 

a protection layer (40) being superposed 
over said optically readable surface formations 
(34, 35), said protection layer (40) covering 
gaps (36) over said textured surfaces (38), 

both said substrate (32) and said protec- 
tion layer (40) being transmissive to electro- 
magnetic radiation used for optically reading 
said relief formations (34, 35) and said writable 
surface (38), 

said substrate (32) forming said textured 
surface (38) and said relief formations (34. 35) 
being defined by sheet material having said 
writable and readable surfaces (38, 34. 35) 
embossed thereon. 

10- The card of claim 9, wherein 

said substrate (32) and said layer (40) are 
formed of materials which are pliant and dura- 
25 ble. 

11. The card of claim 9 or 10. wherein 

said embossable material is selected from 
polycarbonate, cellulose acetate butyrate, poly- 
30 ester, polyethylene terephthalate, vinyl, acrylic, 

polystyrene, or thin metal. 

12. The card of any of the claims 9 to 1 1 , wherein 

said embossed writable and/or readable 
35 surfaces (38, 34, 35) are arranged in a gen- 

erally concentric and/or spiral format. 

13. The card of any of the claims 9 to 12, wherein 

said writable surfaces (38) are formed in 
40 depressions formed by said surface relief for- 

mations (35). 

14. An optical information storage card (10. 30) 
having a rectangular format capable of being 
carried in a wallet, said card comprising: 

a substrate (32) having on at least one 
surface thereof an optically writable textured 
surface (38) having a predetermined pattern 
which is strongly absorbent of at least a pre- 
determined band of spectral wavelengths of 
incident writing electromagnetic radiation and 
which may be written on because of physical 
distortion of said predetermined pattern by 
such radiation, and at least an optically reada- 
ble set of surface relief formations (34, 35) 
which facilitate optical machine reading there- 



45 

8. The card of any of the claims 5 to 7. wherein 

said substrate (26) and said layers (22, 28) 
have been formed of pliant and durable materi- 
als. 

50 

9. An optical information storage card (10, 30) 
having a rectangular format, said card compris- 
ing: 

a substrate (32) having on at least one 
surface thereof an optically writable textured 55 
surface (38) having a predetermined pattern 



face (16) between said substrate (12, 12a', 
12b') and said protection layer (18), and said 
gaps (19) having a material with a different 
refractive index than said substrate (12, 12a', 
12b') and said protection layer (18). 5 

An optical information storage card (10, 20) 
having a rectangular format, said card compris- 
ing: 

a substrate (26) with surface relief forma- io 
tlons on at least one surface which form a 
machine readable Information surface (24); 

a reflection layer (22) being juxtaposed 
with respect to said information surface (24) 
and being made of a material which reflects at 75 
least some of a selected range of electromag- 
netic radiation so that said information surface 
(24) can be optically read in a reflection mode; 
and, 

a protection layer (28) overlying said in- 20 
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over said relief formations (34, 35), said first 
layer being made of reflective material to the 
predetermined band of wavelengths of the 
reading radiation; and, 

a protection layer (40) superposed over s 
said first layer (37), said protection layer (40) 
covering gaps (36) over said textured surfaces 
(34. 35); 

at least one of said substrate (32) and said 
protection layer (40) being reflective to the io 
electromagnetic energy used for optically read- 
ing said writable and readable surfaces (38, 34, 
35), 

said substrate (32) forming said textured 
surface (38) and said relief formations (34, 35) 75 
being defined by sheet material which can 
have said writable and readable surfaces (38, 
34, 35) embossed therein. 

15. The card of claim 14, wherein 20 

said substrate (32) and said layers (37, 40) 
are formed of materials which are pliant and 
durable. 

16. The card of claim 14 or 15. wherein 25 

said embossable material is selected from 
polycarbonate, cellulose acetate butyrate, poly- 
ethylene terephthalate, vinyl, acrylic, polysty- 
rene, or thin metal. 

30 

17. The card of any of the claims 14 to 16, 
wherein 

said embossed writable surface (38) and/or 
said relief formations (34, 35) are arranged in a 
generally concentric and/or spiral format. 35 

18. The card of any of the claims 14 to 17, 
wherein 

said writable surfaces (38) are formed in 
depressions formed by said surface relief for- 4o 
mations (35). 
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